We have recently completed investigations into the effects of acute illness and of starvation on the skeletal development of albino rats of the Sprague-Dawley strain (Acheson & Macintyre, 1958a, b ; Acheson, 1959) . In planning this work we found it necessary to devise our own methods and techniques for frequent measurement and radiography of rats. The techniques proved to be satisfactory and we therefore submit a description of them together with some results obtained by their use.
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R. M. ACHESON, M. N. MACINTYRE AND ELEANOR OLDHAM 1959 zero line is exactly under the inner face of the end-piece. Every 5 cm along the paper the lines are accentuated, by overmarking with ink, to facilitate reading, and matching marks are scratched on the upper surface of the plastic covering the graph paper to eliminate errors of reading due to parallax.
Total-length measurement. The conscious rat is grasped by the scruff of its neck with the left hand and by the root of the tail with the right hand (Pl. I 6). The animal is placed belly down on the measuring board, with its legs straddled and the tip of its nose just touching the end-piece of the board. It is important at this stage for the operator to impose a gentle pull between his two hands and at the same time to exert a slight pressure with the thenar eminence of his left hand on the animal's spine (Pl. 2a) . In this way the animal is prevented from humping its back and so causing an erroneous measurement. Finally, while the established position of the animal's tail root is maintained by pressing the right hand on the base, the hold on its neck is released. The operator's free left hand now extends the animal's tail along the measuring board, so that the scale can be read at its tip (Pl. 26).
Tail-length measurement. The animal is held in the palm of the operator's hand and the tail is passed from the outside of the end-piece through the smallest hole that will easily accommodate it. With the animal's tail lying along the measuring board, the reading is taken at the tail tip (Pl. 3 a). When absolute measurements of tail length are required, it is necessary to add the thickness of the end-piece to all readings (0.6 cm). However, when increments or the individual differences between measurements of experimental and control animals are being studied, this constant correction can be ignored.
Weight measurement
Each time an animal was measured its weight was determined on a spring balance and recorded.
Radiography
Skeletal maturation I n order that the maximum number of ossification centres should be recorded on a single film, it was necessary to standardize the position of the rat during radiography. It is essential that the animal be anaesthetized during this procedure; ether is a suitable agent for the purpose. The unconscious rat is fastened prone, with adhesive Cellophane tape, to a cassette containing X-ray film (Pl. 3 b) ; one fore-limb is pronated and abducted from the body, and the other is supinated and adducted to the body. One hind-limb is fully extended, the other is flexed with the paw externally rotated. A radiogram taken with the animal in such a position is shown in P1. 4.
Contrary to the experience of other authors (Ingalls, 1941; we have found the use of fine-grain X-ray film unnecessary and have obtained satisfactory results with standard Kodak ' no-screen' film. The optimum exposure was 2.2 sec at 20 mA and a peak of 3 0 kV.
Assessment
Apart from the tables of Ray, Simpson, Li, Asling & Evans (1950) , we know of no comprehensive standards for the assessment of skeletal maturation in the rat. These
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Skeletal development in the rat 285 tables are based on the skeletal-age technique and are open to the same criticisms that have been directed at this technique when it is applied to man (Acheson, 1954 (Acheson, , 1956 (Acheson, , 1957 . Therefore we have applied the principles of the Oxford method (Acheson, 1954 (Acheson, , 1956 (Acheson, , 1957 for assessing skeletal maturation to our studies of the rat. It is based on the fact that skeletal maturation is an irreversible process and that certain shape changes in the epiphyses of any long bone, or in the round bones, are visible radiographically and succeed each other in a fixed order. Such shape changes are known as maturity indicators. Consequently if a bone's more obvious indicators are absolute standard for skeletal maturation. The assessment of skeletal maturity in the rat is somewhat complicated by the fact that the growth cartilage plates of many of its long bones remain unossified, so that the skeleton never becomes totally 'mature' in the sense that the human skeleton does. Nevertheless, the distribution of maturity points was so arranged that the maximum score an animal could achieve at the age of IIO days was 100. This method permits each of the scores to be considered as a percentage, a concept with some theoretical advantages for man (Acheson, 1954 (Acheson, , 1957 .
The details of the indicators recognized, and the points awarded to them, are shown in Table I ness of the end-board (0.6 cm) has been included).
sex in Table 4 . Vol. 13
Skeletal development in the rat 287 Skeletal maturity. Serial radiograms of ten healthy males and thirteen healthy females, taken at approximately 10-day intervals, were studied through the age period under investigation, and the maturity scores calculated for all selected bones on each X-ray film were totalled. The mean scores in points, together with the observed ranges, are presented for each sex in Table 5 and Fig. 2 . It did not always prove possible to radiograph all the rats on the same day, and the skeletal maturity of most of the animals at the ages shown in Table 5 was estimated by linear interpolation. The maxima and minima in Fig. 2 are, however, the extremes as they were observed.
Increments in total length, tail length, and weight. Mean increments, together with standard deviations, in total length, tail length and weight are shown in Table 6 . It will be seen that there is no evidence of a pre-adolescent growth spurt in either sex; Tanner (1955) could find little to suggest that such a spurt exists in the rat when he analysed published data giving details of weight increments. 25th  26th  27th  28th  29th  30th  31st  32nd  33rd  34th  35th  36th  37th  38th  39th  40th   17th  I 8th  19th  20th  2ISt  zznd  23rd  24th  25th  26th  27th  28th  29th  30th  31st  32nd  33rd  34th  35th  36th  3 7th  38th  39th (Strong, 1925; Scow, Simpson, Asling, Li & Evans, 1949; Ray et al. 1950) have contended that the 'lead' in rate of skeletal maturation shown by the human female over the male could not be detected in the rat. Spark & Dawson (1928) , however, suggested tentatively that the female rat matures more quickly, and our findings support that conclusion. Not only do the female skeletal-maturity scores shown in Table 5 and Fig. 2 tend to be higher than the male, but also growth of body length in the female slows by the 70th or 80th day, whereas it continues for a considerably longer period in the male. At all stages studied in this work, the male rat, like the male human being, was longer and heavier than the female. A further similarity of importance between the rat and man is that both are skeletally immature at birth, so that much of the transformation of the cartilage into bone occurs when the animal is no longer protected by the constant environment of the uterus; in this respect the rat is unlike some other laboratory animals, such as the guinea-pig. Thus the response of skeletal development to environmental stress may be readily studied in the rat. It is many years now since it was shown, notably by Evans's group (Scow & Marx, 1945; Becks, Simpson, Scow, Asling & Evans, 1948; Becks, Scow, Simpson, Asling, Li & Evans, 1950) , that the consideration of skeletal maturation and growth in bone length added greatly to the value of studies of the physical development of the rat, yet most workers engaged in nutritional, endocrinological, pharmacological and biochemical research are still content to use weight as the sole day-to-day index of growth. We strongly urge them to include in such studies the daily measurements of total length, together with periodic radiography. I n this way further light could be cast on the nature of the delicate balance that exists between chondroplasia and osteogenesis both in man (Acheson & Hewitt, 1954; Hewitt, Westropp & Acheson, 1955) and in the rat (Acheson & Macintyre, 1958a; Acheson, 1959) . Such studies would almost certainly improve the understanding of some of the minor aberrations in physical development that occur so frequently in the human child. SUMMARY I. A simple method is described for the daily measurement of total length and tail length in the conscious rat. Albino rats (ten males and thirteen females) were measured periodically between the 16th and I 10th day of life; mean values with standard deviations are given by age and sex for total length, tail length and daily increments for both from the 17th to the 40th day.
2. Mean weights and increments in weight (with standard deviations) of the same rats, recorded on the same days, are shown.
3. A standard position is described in which the rat may be radiographed in order to show the maximum number of ossifying centres on a single X-ray film. Details are given of anaesthetic and radiographic procedures.
4. The Oxford method of assessing skeletal maturity was applied to the rat, and tentative standards are shown, suitable for use between the 20th and I 10th days of life. zgz R. M. ACHESON, M. N. MACINTYRE AND ELEANOR OLDHAM 1959 5. It is urged that free use of total length and assessment of skeletal maturity would add much to the value of nutritional, endocrinological and other experiments in which growth is studied. To date, weight increment has too frequently been the only measure of growth.
